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Abstract

Objectives—To analyse the risk of shoul-
der impingement syndrome relative to
shoulder intensive work.

Methods—A cross sectional study of a his-
torical cohort of 1591 workers employed
between 1986 and 1993 at a slaughterhouse
or a chemical factory. Workers not doing
tasks in slaughtering or meat processing
constituted the reference group. Intensity
of shoulder work in meat processing tasks
was assessed by video based observations.
Information on shoulder disorders was
collected by questionnaire and by physical
examinations. Impingement syndrome
was diagnosed when shoulder symptoms
had been present for at least 3 months
during the past year and there were signs
of subacromial impingement in the corre-
sponding shoulder at physical examina-
tion. Shoulder function was assessed at
the same occasion with the Constant scor-
ing technique. Prevalence of shoulder
impingement syndrome was analysed ac-
cording to job title and cumulative expo-
sure.

Results—Prevalence ratio for shoulder
impingement syndrome was 5.27 (95%
confidence interval (95% CI), 2.09 to
12.26) among currently working and 7.90
(95% CI, 2.94 to 21.18) among former
slaughterhouse workers. Transformed
model based prevalence ratios according
to years in slaughterhouse work showed an
overall association between cumulative
exposure and risk for shoulder impinge-
ment syndrome.

Conclusions—This study supports the hy-
pothesis that shoulder intensive work is a
risk factor for impingement syndrome of
the shoulder. Despite the historical cohort
design healthy worker selection may have
influenced the exposure-response relation
found.

(Occup Environ Med 1999;56:494-498)
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The evidence of work related risk factors for
clinical based shoulder disorders, including
shoulder tendinitis, has recently been
evaluated.' > Work tasks that repetitively strain
the shoulder joint and work with hands at or
above acromion height are thought to be
harmful. Due to repetitive impingement of the
subacromial structures on the undersurface of
the acromion,’ tendinitis and eventually degen-
eration and rupture of the supraspinatus

tendon may result. Raising the arm above 30°
has been shown to increase intramuscular
pressure in the supraspinatus muscle to an
extent that may impair normal blood
perfusion.’ Clinical shoulder disorders have
also been related to cumulative exposure to
vibration’ and to repetitive work.’” Although
current evidence suggests that repetitive work
and work involving raising the arm confer a risk
for shoulder disorders there is a need to
corroborate the findings of the few small earlier
studies. To contribute to the knowledge about
shoulder intensive work as a risk factor for
developing shoulder symptoms and clinical
shoulder disorders we studied a historical
cohort consisting of about 1600 workers with
varying exposure to shoulder intensive work.

Methods
This is a cross sectional study of a historical
cohort® of present and former workers em-
ployed between 1 January 1986 and 30
September 1993 at a slaughterhouse or a
chemical factory. Information on duration of
employment and the personal identification
numbers were obtained from the company
files. Vital status and current postal address
were found by register linkage to the Danish
central personal register. In all, 1591 subjects
still alive and living in Denmark with at least 6
months of employment in the chosen period
were identified and thus constituted the study
population. At the slaughterhouse 1115
(70.1%) subjects were identified and 476
(29.9%) were identified at the chemical plant.
Their mean (SD) age was 40.5 (12.2) years.
Their mean (SD) duration of employment was
9.1 (7.6) years and 14.8% were women.
Information on exposure and health was
collected with postal questionnaires, ergo-
nomic observations of tasks and standardised
physical examinations. Altogether 1141 people
(71.7%) responded to the questionnaire. Their
mean (SD) age was 40.7 (11.7) years, mean
(SD) duration of employment 9.5 (7.6) years,
and 15.3% were women. From the slaughter-
house 99 workers working as repairmen or in
other service jobs were allocated to the referent
group, and 10 workers from the chemical
factory, who had previously worked as slaugh-
terhouse workers, were classified as slaughter-
house workers. Thus, 743 (65.1%) of the par-
ticipating workers were slaughterhouse workers
with a mean (range) total experience in slaugh-
terhouse work of 13 (1-46) years, and 398
(34.9%) were referents. Table 1 shows some
demographic characteristics and possible influ-
ences on impingement syndrome’ in the two
groups.
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Table 1  Distribution of age, sex, and other characteristics
with possible influence on the prevalence of impingement
syndrome of the shoulder among referents and
slaughterhouse workers

Referents Slaughterhouse
(n=398) workers (n=743)
Mean age (SD, y) 42.2 (12.2) 39.9(11.3)
Mean BMI (SD, kg/m?) 255 (3.8) 25.4 (4.04)
Ever smoker (%) 78.9 75.1
Female (%) 12.6 16.8
Previous shoulder trauma (%) 4.3 4.6

EXPOSURE ASSESSMENT

Information on employment was obtained
from the questionnaire. Main exposure catego-
ries, slaughterhouse workers or referents, were
defined according to whether the participants
had ever worked in pig slaughtering or meat
processing tasks. These tasks have been de-
scribed in detail previously'® and characterised
by being monotonous and highly intensive
manually. Analysis of video recordings on 48 of
these tasks (representing about 90% of the jobs
held by slaughterhouse workers) showed that
the upper arms were raised to at least 30° for
about half the working time (mean proportion
of time with arms raised to at least 30° was
48%, and the arms were raised above 30° about
10 times a minute). The stresses on shoulders
did not differ substantially between depart-
ments in the slaughterhouse. Workers in the
control group performed varied work which
included light manual work, supervising auto-
matic production of vegetable oil products at
the chemical factory, or maintaining and
repairing production equipment at the slaugh-
terhouse. No observations were made of work-
ers in the reference group, but self reported
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ergonomic stresses seemed to be different in
the two groups. Repetitive manual movements
were reported for at least half the day by 78%
of slaughterhouse workers and by 15% of
referents.

HEALTH ASSESSMENT

Self reported symptoms in the shoulder region
for at least 3 months within the past year com-
bined with a positive sign of impingement at
physical examination was diagnostic for shoul-
der impingement syndrome. Information on
musculoskeletal symptoms was collected with
slightly modified questions from the Nordic
questionnaire.'' Subjects reporting long lasting
symptoms in their shoulders were selected for a
standardised physical examination together
with 110 randomly selected subjects without
long lasting shoulder symptoms. The flow
chart in figure 1 shows the participation in
procedures to identify subjects with shoulder
impingement syndrome and in procedures for
validating the diagnostic procedure. The im-
pingement sign was considered positive when
pain at the anterolateral and superior aspect of
the shoulder joint could be elicited or exacer-
bated by passive internal rotation of the arm in
90° shoulder abduction in the plane of the
scapula.” The impingement sign was found to
be positive in four of the 110 people without
long lasting symptoms (3.6%). Shoulder func-
tion was assessed as proposed by Constant.”
This total score (100 points) of shoulder func-
tion was made up of a score (up to 35 points)
of two subjective variables (pain and activities
of daily living) and (up to 65 points) of two
objective variables (range of motion and shoul-

843

Were slaughterhouse workers

398
Were referents

— 7 Incomplete questionnaires

175
Symptom positive

6 Incomplete questionnaires

561 38
Symptom positive

Symptom negative

— 34 Lost in physical
examination

354
Symptom negative

235 Had physical examination
(141 symptom positive and 94 negative)

—— 12 Lost in physical
examination

42 Had physical examination (26 symptom
positive and 16 negative)

58 Had impingement
(54 symptom positive)

177 Had no impingement
(87 symptom positive)

5 Had impingement
(all symptom positive)

37 Had no impingement
(21 symptom positive)

Figure 1  Flow chart: identification of subjects with shoulder impingement syndrome defined as self reported symptoms in the shoulder region for at least 3
months (symptom positive) combined with clinical signs of impingement and participation in procedures for validation of the diagnostic procedure.
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Table 2 PR of shoulder symptoms and impingement syndrome* among current (n=576) and formerf (n=167) slaughterhouse workers (SHWs) v
referents (n=398)

Pain and discomfort within the past ~ Pain and discomfort within the past

12 months week Pain and discomforrt for=3 months Impingement syndrome

Obs (%) PR (95% CI) Obs (%) PR (95% CD) Obs (%) PR (95% CD Obs (%) PR (95% CID
Referents 140 35.4) 1(-) 83 (21.4) 1(-) 38 (9.7) 1(-) 5 (1.3) 1(-)
Current SHW 351 (60.9) 1.72 (1.48t0 1.99) 224 (40.7) 1.90 (1.53 t0 2.36) 134 (23.5) 2.42 (1.73t03.40) 38 (6.9) 5.27 (2.09 to 13.26)
Former SHW 82 (49.1) 1.39 (1.13 to 1.70) 50 (31.6) 1.48 (1.09 to 1.99) 41 (24.7) 2.56 (1.70 to 3.81) 16 (10.4) 7.90 (2.94 t0 21.18)

*Pain of the shoulder region for =3 months within the past year combined with signs of subacromial impingment at physical examination.
1Slaughterhouse workers who had been out of work for the previous 3 months.

der strength). A high score reflects good shoul- never), and body mass index (=30 kg/m’,
der function. Points are subtracted according 25-30 kg/m’ v <25 kg/m®) were examined as
to the degree of impairment. In the present well, but did not contribute significantly to the
study controlled muscle strength of the shoul- model. The final model included the linear,
der was analysed with a portable squared, and quadratic terms of cumulative
microprocessor'* (Isobex 2.1 by Cursor AG, exposure to allow for information within
Bern, Switzerland) recording the mean categories'’ and age. Given the estimated coef-
strength of three repeated measurements of 3 ficients an age adjusted smoothed curve of
seconds each. Computing the Constant score prevalence ratios across levels of cumulative
each kg was allocated 2 points up to 25 points exposure was estimated.'® Age was kept com-
given for strength of at least 12 kg. Examina- parable by replacing the actual age by the value
tions were carried out by the authors without for cumulative exposure and adding 13 years to
knowledge of the answers in the questionnaire this value.

and shoulder strength was assessed blinded to Information about criteria defining impinge-

the results of the physical examination. ment syndrome was missing for 59 subjects
(5.2%, (fig 1). These subjects were excluded

STATISTICS from the analysis.

Prevalence ratios for shoulder symptoms and Among participants at the physical examina-

impingement syndrome and their 95% confi- tion right sided shoulder function and strength
dence intervals (95% CIs) were estimated were described for men and women in groups
comparing current and former slaughterhouse without symptoms, with symptoms, and with
workers with referents. For exposure-response signs of impingement in their right shoulder.
analysis the relation between cumulative expo- Paired comparisons of differences in shoulder
sure (years in slaughterhouse work) and function and strength were carried out in
impingement syndrome was evaluated by mul- groups without long lasting symptoms and in
tiple logistic regression analysis. Product terms  subgroups with unilateral shoulder symptoms
between age and cumulative exposure, sex or clinical sign of impingement.

(female or male), previous shoulder accident

(yes or no), smoking (current, former, or

Table 3  Estimated variables (SEMs) by multiple logistic Results

regression analysis with linear, squared, and quadratic
terms of cumulative exposure in slaughterhouse work and Table 2 shows that the prevalence of self

age in the final model reported shoulder symptoms and impingement
syndrome are higher among current and

Regression coefficient SEM former slaughterhouse workers than among

Cumulative exposure: referents. Also, it was found that the prevalence
Years' -0.324 0.137 ratios differ substantially depending on the
2((::2!2 (1)'(5)32 g-ggg chosen outcome measure. The highest preva-
Age 0.056 0.015 lence ratio for impingement syndrome was

among former slaughterhouse workers. Table 3

Intercept==6.832 (SEM 0.849) shows adjusted variables for impingement syn-

35 drome according to linear, squared, and quad-
ratic terms of cumulative exposure and age.

30— ,  Figure 2 shows the model based estimates of
/' prevalence ratios for each level of cumulative

2% / exposure. The risk estimate increases steeply

within the first 5-6 years of cumulative
exposure and then tends to flatten after 9 years
until a new increase gradually develops after
about 25 years of cumulative exposure.

The analyses of shoulder function showed a
decrease in all functional measures among par-
ticipants with long lasting symptoms and even
more among participants with a clinical
diagnosis (table 4). The paired comparisons of
affected and unaffected shoulders in the
Figure 2 Age adjusted prevalence ratios of shoulder subgroup with unilateral affection showed a
impingement syndrome (shoulder pain for at least 3 months . . . . s g

substantial reduction in functional score, indi-

combined with clinical sign of impingement) by cumulative ) : ! . - "
exposure. Model based estimates (95% ClIs). cating quite serious impairment in the group

Age adjusted prevalence ratio

0 5 10 15 20 25 30 35 40 45
Cumulative exposure (y)


http://oem.bmj.com

Shoulder impingement syndrome in relation to shoulder intensive work

497

Table 4  Shoulder function among participants* at physical examination according to severity of right shoulder disorder: mean constant scoref-, subscores,
strength, and paired comparisons in healthy people and people with unilateral symptroms or impingement sign

Total score Pain and activities Range of motion Strength Difference in total score points  Difference in strength
points (SD) points (SD) points (SD) kg (SD) (95% CI ) kg (95% CI )
Men:
Healthy (n=100) 93.5 (6.9) 33.3 (3.6) 39.3 (1.4) 10.7 (2.5) — —
Symptoms (n=76) 88.9 (8.6)  31.0 (3.6) 38.6 (2.2) 9727  — —
Impingement (n=47) 63.8 (17.7) 20.5 (6.6) 31.4 (8.1) 5.9 (3.0) — —
‘Women:
Healthy (n=26) 85.7 (5.9) 24.1 (3.6) 39.8 (0.9) 5.9 (1.5) — —
Symptoms (n=16) 78.4 (8.1) 20.1 (4.3) 39.2 (1.7) 5.1(1.8) — —
Impingement (n=7) 63.3 (10.2) 20.7 (3.4) 34.6 (8.1) 4.3 (1.4) — —

Unilateral:
Healthy (n=101)
Symptoms (n=33)
Impingement (n=23)

0.4 (-1.5 10 0.7)
—6.0 (=3.3 to —8.6)
-22.3 (~16.7 to —28.0)

0.1 (=0.1to0 0.4)
-0.5 (-1.1t0 0.1)
2.5 (-1.3 to =3.7)

*Functional measures were incomplete for five subjects.
TNormal scores of shoulder function were constructed at add up to 100 points. In this study strength was measured using a dynamometer giving lower values than
reported by Constant with a spring balance."

with long lasting symptoms and clinical signs of
subacromial impingement.

Discussion
Our increased risk of shoulder symptoms and
impingement syndrome among present and
former slaughterhouse workers supports the
hypothesis that prolonged shoulder intensive
work is a risk factor for developing periarticular
shoulder disorders. We found that slaughter-
house workers are exposed to both repetitive
shoulder movements and sustained arm eleva-
tion. Further the tasks implied vigorous use of
knifes and repetitive handling of meat products
weighing 5-12 kg each. If these combined
exertions and their responses in the tissues are
long lasting it has been argued that inflamma-
tion, degeneration, and eventually rupture of
shoulder tendons may result."” Due to similar
exertions within and between tasks dealing
with pig slaughtering and meat processing, the
combined stresses on the shoulders in practi-
cally all slaughterhouse workers in this study
are probably at the same high level, but the
duration of slaughterhouse work varied from 1
to 46 years and there was an overall increase in
risk with cumulative exposure. The pattern
was, however, fluctuating, and showed an
increase during the first 5-8 years, levelling off
at around that level and then increased again
after about 25 years of cumulative exposure. As
subjects who had left the company before 1986
were not included in the cohort, selection
related to shoulder disorders could have influ-
enced the risk estimates among subjects with
intermediate levels of cumulative exposure.
The risk of impingement syndrome was highest
among former slaughterhouse workers indicat-
ing that selection mechanisms may be impor-
tant. Another factor with a possible influence
on the risk estimates is our definition of shoul-
der disorder, which can cover a wide range of
underlying diseases and thus probably include
disorders which do not have similar prognoses.
The mean duration of disease will most likely
increase with cumulative exposure. In this
study risk estimates are based on prevalent
cases and therefore depend on both disease
duration and incidence. This means that risk
estimates may also reflect prognosis of the dis-
order.

Due to common knowledge about the work-
ing conditions at Danish slaughterhouses, it is

possible that workers with musculoskeletal dis-
orders avoid employment in this industry. This
selection is probably strengthened by the fact
that a 3 month trial period before permanent
employment is usual. These primary selection
factors are expected to cause underestimation
of the risk as at least 6 months of employment
was an inclusion criterion. The historical
cohort design was used in an attempt to avoid
underestimation due to secondary selection
mechanisms.

Classification of shoulder impingement syn-
drome was based on a combination of long
lasting symptoms and a positive outcome of the
test for signs of impingement. For practical
reasons physical examinations were carried out
unblinded for the employing company, but
blinded to symptoms, exact age, and cumula-
tive exposure. Also, the analyses showed that
diagnosed cases had impairment of normal
shoulder function and very few subjects
without symptoms had signs of impingement.
This suggests that there is little misclassifica-
tion of cases.

There have been few other studies of work
related clinical shoulder problems. One of
these was on Finnish slaughterhouse workers.'®
Three cases of supraspinatus and one case of
biceps tendinitis were found among 113 work-
ers, but the mean duration of employment was
short. Two studies point to the importance of
cumulative exposure. In a historical cohort of
sewing machine operators the risk of shoulder
disorder (rotator cuff syndrome) increased
with increasing seniority in employment,® and
also rockblasters, exposed to combined expo-
sures of vibration, heavy lifting, and static work
postures, showed positive associations between
shoulder tendinitis and cumulative exposure.’
However, the interpretation of exposure-
response patterns in disorders with fluctuating
durations that are based on prevalence esti-
mates are not straightforward.

In conclusion, we found that the results of
this study support the hypothesis that sustained
intensive work that stresses the shoulders as
much as in a Danish slaughterhouse is a risk
factor for developing impingement syndrome
characterised by functional impairment of the
affected shoulder. The risk substantially in-
creases after a few years of experience and
tends to increase further with cumulative
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exposure. Selection mechanisms and differ-
ences in mean duration of the underlying
shoulder disorders may, however, have influ-
enced the dose-exposure patterns. To prevent
work related shoulder disorders exposure time
should be reduced, especially in tasks in which
combinations of force, repetition, and sus-
tained arm elevation are hard to prevent.

We thank the Danish Working Environment Fund who funded
the study.
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